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@ Electric circuit arrangement comprising a phase control-circuit.

@ A circuit comprises a phase comparator (10} which, when
receiving input pulses with which the clock pulses are in
phase, produces an output signal having a pulse frequency
which is twice the pulse frequency of the input pulses. The
ripple on the control voltage for the osciliator (VCO) to be
controlled can be compensated for by adding to the output
signal of the phase detector a signal which is in anti-phase
to the output signal. The result is that only frequency and
phase errors produce a ripple on the output signal.
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Electric circuit arrangement comprising a phase

control-circuit..

~ The invention relateé to a phase'control-cifbuit
béﬁbfiéing at least one,voltgge-coqfrolled oscillator and
a phase comparator, in which an output of the oscillator
is connected at 1eastrindirectly,to a clock input'of the
phase comparator for féeding thereto clock pulses brbduced
by the oscillator, said phase domparator béing provided
with a further input for receiving input-pulées, the phase
comparator producing from said clock pulses and input pulses
a control-signal for the voltage-controlled oscillafor.

Such an electric circuit arrangement is known
from GB-A 2,089,601 published on June 23, 1982. The electric
circuit,arrangement shown therein has the property that it
does not produce a ripple-free direct volfage even though
the clock signal and a data signalrto be received are in
phase.,Coﬁsequently, an oscillator controlled by the direct
voltage signal will generate a freqqenéy whibh will alwayé
exhibit some undesirable drift.

The inventionrhas for its object to provide a
circuit arrangement having a phasé control circuit which
gives off a ripple-free contfol—voltage when the lock and
the data,signals are in ﬁhase. 7 7

‘The circuit arrangement having a'fhase control
circuit embddying the invention'is charécterized in that
the phase comparator compriées a D-tybe flipflop, a pulse
delaying element and an exclusive-or gate; said pulse
delaying element hévihg a delay time of about half a clock
period, whilst a first and a second'input respectively of
the exclusive-or gate are connected fd the outpuf of the
pulse delayingielement and torthe'D flipflop respectively
and furthermbré the clock pulses are applied to the clock
input of the Drflipflop and the input pulses are applied
both to thé‘pﬁlse'delaying element and to the b input of
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the D flipflop, whilst the outpﬁt of the exclusive-or gate
ic connected'to an input of a combinatory network which
receives at a further input the clock pulses”to form a first
and a second output signal, the logical values of which are
opposite, when the clock pulses and the input pulses are in
phase, whereas when the clock pﬁlses are leading or lagging
respeétively with respect to the iﬁpﬁt pulses, the two 7
signals both have the same pulsatory first and second logical
values respectively.'In such an arrangement, simple means
such as a pulse delaving element (not clock controlled),

a D flipflop, an exclusive-or gate and a combinatory network
provide a phase comparator which supplies a direct voltage,

when the clock pulses and the input pulses are in phase

(Which need not necessarily in regular periods) and which

varies it stepwise, under out-of-phase conditions, during
the successive clock periods. 7

A preferred embodiment of a circuit arrangement
in accordance with the invention is characterized in that
the combinatory network comprises an inverting AND gate,

a further AND gate and an inverting gate, in which a first
input of the two AND gates is comnnected to the output of the
exclusive-or gate, a second input of the inverting gate and
the AND gate respectively receives the clock pulses directily
and via the inverting gate respectively, whilst the first
and the second output signals are available at the outputs
ofrthe AND gates. A phase comparator of this design is

very simple and fully satisfies the requirements imposed.

A Turther embodiment of the circuit ariangement
in accordance with the invention, in which the input pulses
form a regular periodical sigmnal, is characterized in that
the phase comparator comprises a D flipfiop and anr
exclusive-or gate, in which the clock pulses are applied to
the clock input of the D flipflop, the output of which is
connected for the inverted output signal a to the D input
and the output for fhé'output signal Q is ébnnééféd to a
first input of the exclusive-or gate, a further input of

which receives the input pulses, whilst at the output of the
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exclu51ve—or gate and the input of the clock pulses a flrst
and a second output signal respectively are available,
the logical values of which are opposite, when the clock
pulses and the input pulses are in phase, whereas when the
clock pulses are leading or lagging respectively with respect
to the input pulses, the two signals pﬁlsatorily have the
same first and second logical values respeétively.

The invention will be described more fully with
reference to embodiments shown in a drawing, which shows in

Fig. 1a and 1b an embodiment of a circuit arrange-
ment in accordance with the invention and an associated
pulse diagram, 7

Figs. 2a and 2b a further embodiment of the
arrangement with an associated pulse diagram in accordance
with the invention,

Fig. 3a and 3b a preferred embodiment of the
arrangement with an associated pulse diagram in accordance
with the invention and

Fig. 4 a detail of a further embodiment of an

20 . : . . .
arrangement in accordance with the invention.

Fig. 1a shows a first embodiment of a circuit
arrangement 1 comprising a phase comparator 10 in accordance
with the invention, the circuit arrangement 1 comprising

a known voltage controlled oscillator VCO and a fregquency

25divider N which receives the oscillator pulses produced by

the oscillator VCO and which produces therefrom clock pulses
CKX of a lower frequency, which are appliedtoaclockpulse input
of the phase comparator 10. The comparator 10 comprises a

D type flipflop 11 which receives the clock pulses CK and

30the inverted output of which Q is connected to the D input

in order to produce a pulse seqﬁénce CK' of a pulse frequency
amounting to half the pulse frequency of the clock pulses CK.
The clock pulses CK and the pulse sequences CK' derived
therefrom are represented in Flg. 1b. The output Q of the

%) flipflop 11 is connected to an input of the exclusive-or
gate 12, the second input of which receives input pulses Vr

forming a Tregular periodic signal. By the input pulses the
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oscillator VCO is brought to the desifed frequency and in
the desired phase and maintained therein. The output signal
U of the exclusive-or gate 12 is shown in Fig. 1b for two
'sitgations as a function of time t. For the instant ti'the:
oscillator VCO is leading (the pulses CK are "too'early")
and after the instant~t1 the oscillator VCO is lagging ’
(the pulses CK are "too late"). The signal U for the instant =
t = t1 is a "O" level, on which positive peaks "1" are super-
the signal U has a "1"

1
level on which negative peaks are superimposed. The pulse

 fregquency of the signal U is twice the frequency of the

1

20

25

input pulses Vr. Then a ripple-~free control-voltage can be
generated (when the oscillatbr VCO is in.phase) by adding
the signai CK to the signal U. In the embodiment shown this
is performed by applying the two signals U and CK through
(preferably equal) resistors R11 and R12 to a junction S1.
The resultant signal § is shown in Fig. 1b (as well as the
signals Vr and U). The consequence of the combination of the
signals U and CK is that only frequency and phase errors
can bring about a ripple on the control-voltage. (If the
oscillator VCO is ieading, the signal S consists of the
superimposition of a direct-current signal level midway be-
tween the logical "0O" and "1" levels and ef a plurality of
negative pulses Pn having the same pulse frequency as the
clock pulses CK and having a logical "0" level. If the
oscillatbr VCO is lagging, the signal 8§ consists of said

direct-current signal level on which positive pulses P

~having the logical "1" level and the same pulse frequency

38

as the clock pulses CK are superimposed).lt will be obvious

that the width of the pulses Pn and PP depends on the

‘magmnitude of the phase difference between the input pulses

Vr and the clock pulses CK generated by the oscillator VCOV

"and the clock pulses CK produced by the divider N. As is

common practice to do a capacitor 13 can be connected to the
junction ST so that on the junction S1 a mean voltage of
the voltage shown in Fig. 1 (S) for comtrolling the

oscillator VCO is formed.
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“The circuit arrangement shown in Fig. l1la operates
only satisfactorily when.théinpuﬁ pulses Vr applied thereto
form a regular, periodic signal. If the input pulses are
not regularly periodical, a phase comparator 2 shown in
Fig. 2a can be used in the circuit arrangement embodying the
invention or modifications thereof as will be set out herein-
after. The phase comparator 2 shown 1n Flg. 2a comprises a
pulse delay;ng element 22, a D type fllpflop 21, a first and
a second exclusive-or gate 23 and 24, an inverting gate 25
and two (identical) résistors R271 and R22. The input pulses
A (see Fig. 1b) are applied to the D input of the D type
flipflop 21 énd to the pulse delayiﬁg element 22. The delay
of the signal A in the element 22 is éubstantially equai to
half the period of the clock pulse CK applied to the clock
input of the D flipflop 21. The output signal B of the
element 22 and the outpﬁt signal C of the D fliﬁflop 21 are

applied to the first exclusive-or gate 23,'which forms a

.signal I therefrom (see Fig. 2b). The signal I as well as

the clock signal-CK,are applied to a combinatory network
éompriSing the eiclusive—or gafe 24 and the inverting gate
25, The clock signal CK is applied to the two gates 24 and
25 and the signal I is applied bnly to the exclusive-or

gate 24. The signals H and CK produced by the gates 24 and
25 with CKV(see Fig. 2b) constitute the first and the second
output signal of the comblnafgry network, The first and the
second output signals H and CK are applied through fhe two
resistors R21 and R22 to the junction S as a result.of which
a control-signal S2 (Fig. 2b) ié produced for the voltage-
controlled oscillator VCO (not shown in Fig. 2a). When the

clock pulses and the input pulses are in phase, the control-

- signal S2 is again formed by a direct’ voltage lying midway

 between the logical "O" and the logical "1" level. By means

35

of the ratio between the values of R21 and R22 the direct
voltage level of S2 can be adjusted. When the oscillator is
leadlng (in Fig. 2b at the instant t ) "negatlve" pulses

(loglcal "on level) are formed on the direct voltage level

of the signal S2, When the oscillator is lagging (in Fig.2b
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after the instant tz), "positive" pulses (logical nyn)
are formed on the direct voltage level of S2. The width
of the negative or positive pulses is determined by the
phase differerice between the input pulses A and the clock
pulses CK.

As is indicated by a broken line a capacitor 26
can be connected in a conventional mamner to the junction S
so that across the capacitor 26 a time average of the signal
82 is formed by which said voltage-~controlled oscillator
is controlled.

Fig. 3a shows a preferred embodiment of é phase
comparator 3 for use in a circuit arrangement in accordance
with the invention. The input pulses A to be applied to the
phase comparator 3 need not necessarily form a regular
periodic signal. The phase comparator 3 comprises a D type
flipflop 31, a pulse delaving element 32, an exclusive-or
gate 33 and a combinatory network itself comprising an AND
gate 34, an inverting AND gate 35 and an invertinggate 36.
The D flipflop 31, the delaying element 32 and the ex-
clusive-or gate 33 are identical to the components shown

in Fig. 2a as well as the clock and input pulses CK and A

.applied thereto so tkat the output signal I of the exclusive-

or gate 33 (See Fig.3b) is the same as the signal I of

Fig. 2b and Fig. 2a. The signal I is applied to the two AXD
gates 34 and 35 and the clock pulses CK are applied directly
to the inverting gate 35 and through the inverting gate 36
to the AND gate 34. TheVAND gates produce therefrom a first
and a second output pulse K and L (see Fig. 3b), which are
applied through two (identical) resistors R31 and R32 to the
junction S and produce a control-signal S3. It should be
noted that the first output signal K has a constant, logical
high "1" level, when the oscillator (not shown) is lagging
(after the instant t3, Fig. 3b) and has negative pulses
(Logical "O" level) when the oscillator is leading

(Fig. 3b prior to 1nstant t ) The second output signal L
has a constant loglcal now 1evel when ihe oscillator is

leading (prior to instant t3 in Fig. 3b) and when the
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oscillator is lagging (after t3), fhe second output signal
has positivé pulses (1ogical win level). The control-signal
S3 (half the sum of the output signals X and L) produced

at the Junction is the same as the'controlfsignal S2 (see
Pigures 2a and 2b). Of course, also in this case a time

average of the control-signal SB is obtained with the aid

of a capacitor 37 for controlling the oscillator.

Fig. U4 shows an embodiment of a combinatory network
4 to be used in the phase comparator of Fig. 3. The network 4
receives the signals V and CK (see Figs. 3a and 3b) and

comprises three inverting gates 4l, 45 and 46. The clock

“pulses CK are applied to the inverting AND gate 4L as well
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as to the inverfing OR gate 43, The I signal is applied
directly to the inveffingcAND gate 44 and via the inverting
gate~46 to fhe inverting OR gate. From the incoming signals
T and CK the gateS'hhrahd L5 produce a first and a second
output signal K and L, which are identical to the output
signals K and L of Fig. 3a and 3b. The signals X and L of
Fig. 4 could, thefefore, be joined to form a control-signal
in the same manner as is indicated in Fig. 3a. Fig. 4 shows
a variant in which the ("negative") and the ("positive")
pulses in the signaler and L control switches 42 and 43
respectively. Through the switch 42 or the switch 43 a
capacitor 47 is charged or discharged by a current i supplied
by a current sourceihS or a current source 49. The control-
signal S4 built up across the capacitor 47 is again the

time-mean signal of the cohtrol—signai Ss3 shown in Fig. 3b.
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CLAIMS |

1. ° An electric circuit arrangement comprising a
phase control circuit having at least one voltage-controlled
oscillator and a phase comparator, in which an output of the
oscillator is connected at least indirectly to a clock input
of the phase comparator for applying thereto 6lock pulses
produced by the oscillator, in which the phase comparator

is provided with a further input for receiving input pulses,
a control-signal for the voltage-controlled oscillator
being formed from said clock pulses and input pulses by the
phase comparator, characterized in that the phase comparator

comprises a D type flip-flop, a pulse delaying element and

an exclusive-or gate, said pulse delaving element having

a delay time of about half a clock period, whilst a first
and a second input of the exclusive-or gate are connected
to the output of the pulse delaying element and to the

exclusive-or gate respectively and furthermore the clock

pulses are applied to the clock input of the D flipflop and

the input pulses are applied both to the pulse delaying
element and to the D input of the D flipflop, whilst the
output of the exclusive-or gate is connected to an input

of a combinatory network, which receives at a further input
the clock pulses for forming a first and a second output
signal, the logical values of which are opposite, when the
clock pulses and the input pulses are in phase, and when
the clock pulses are leaaing or lagging respectively with
respect to the input pulses, the two signals have pulsatory
the same first and second logical value respectively.

2. A circuit arrangement as claimed in Claim 1,
characterized in that the combinatory mnetwork comprises

a second exclusive<or gate and an inverting gate, an-input
of the second exclusive-or gate being connected to the

output of the first exclusive-or gate and a further mput.
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‘of the -second exclusive-or gate receiving the clock pulses,
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which are also applied to the invertinggate, whilst a first
and a secand output signal are available at the outputs of
the exclusive~or gate and the inverting gate.

3. -A circuit arrangement as claimed in Claim 1,
characferizédinrthat the combinatory network comprises an
inverting AND gate, a further AND gate and an inverting gate,
a first input of the two AND gates being conneéted to the
output of the exclusive-or gate, a second input of the
inverting AND gate or of the AND gate respectively receiving
the clock pulses directly or via the inverting gate
respectively, the first and the second output signal being
available at the outputs of the AND gates,

L, A circuit arrangement as claimed in Claim 1,
characterized in that the combinatory network comprises an
inverting AND gate, an inverting OR gate and an inverting
gate in which the output of the exclusive-or gate is connected
directly or respectively through the inverting gate to the
inverting AND gate and to the inverting OR gate respectively
and the further input. of the inverting AND or OR gates
receive the clock pulses and the first and the second output
signal are available at the outputs of the inverting AND or
OR gates.

5. A circuit arrangement comprising a phase control-
circuit having at least one voltage-controlled oscillator
and a phase comparator, in which an output of the oscillator
is connected at least indirectly to a clock input of the
phase comparator for applying thereto .clock pulses produced
by the oscillator, in which the phase comparator has a
further input for receiving input pulses, a control-signal
for the voltage~controlled oscillator being formed from said
clock pulses and input pulses by the phase comparator so that
the control-signal is a constant voltage at a correct tuning
of the volﬁage—controilad'osciliator,’whilst*the input pulses
form a regular periodic signal, characterized in that the
phase comparator comprises a D flipflop and an exclusive-or

gate, in which the clock pulses are applied to the clock
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input of the D flipflop, the output of which is connected
for the inverted output signal a to the D input and the

output of the output signal Q is connected to a first input

of an exclusive-or gate, a further input of which receives

16

the input pulses, whilst a first and a second output signal
are available at the output of theexclusive-or gate and the
input for the clock pulses respectively, the logical values

of said signals being opposite, when the clock pulses and the

‘input pulses are in phase, and when the clock pulses are

leading or lagging with respect to the input pulses the two
éignals have pulsatory the same first and second logical
value respectively.

6. A -circuit arrangement as claimed in anyone of the

' pfeceding Claims, characterized in that the two output sig-

20

30

35

nals are—applied through two resistors to a junction where
the control-signal becomes available.

Te A circuit arrangement as claimed in Claim 3 or L,
characterized in that by the first and the second output
signal a first and a second current source respectively is
controlled for charging and discharging respectively a

capacitor at which the control-voltage becomes a#ailable.
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